D iabetes mellitus is a chronic condition that requires complex management; however, the time of health care providers is limited and patient motivation varies. How can health care providers design realistic treatment plans and establish priorities that maximize health benefits for patients? The 2008 Canadian Diabetes Association clinical practice guidelines 1 (available online at www.diabetes.ca/for-professionals/resources/2008-cpg/) provide some suggestions to help meet these challenges. Although the guidelines cover a wide range of topics, our review is focused on the sections related to the management of cardiovascular disease.
Cardiovascular disease is the main cause of death among patients with diabetes mellitus. Over the last decade, there has been a 15% decline in all-cause mortality and cardiovascular disease among people with diabetes, likely as a result of improved treatment and control of risk factors. 2 Nevertheless, there is still room for improvement.
Guidelines on diabetes management have been developed by other national organizations, including the National Institute of Clinical Excellence 3 in the United Kingdom and the National Health and Medical Research Council in Australia. 4 The Canadian Diabetes Association guidelines are updated every 5 years. They are subjected to an explicit review process focused on clinical evidence; however, these guidelines do not formally consider costeffectiveness or resource implications as do those developed by government bodies. 3, 4 Because risk factors for cardiovascular disease have a multiplicative effect, their reduction has a synergistic benefit for patients. 5 The main interventions are controlling blood pressure, lipid levels and blood glucose, and promoting exercise, smoking cessation and healthy eating habits. 1 These interventions are discussed below, except for smoking, which was not addressed in the 2008 guidelines, and diet, which cannot be easily summarized. 6 In the following review, we consider the recommendations about the management of cardiovascular disease risk factors according to the magnitude of the health impact, strength of evidence, ease of implementation and how often they are fol-lowed, on average, compared with how often they could be followed. Average quality of care was obtained from a Health Quality Council report on diabetes in Saskatchewan from 2003 to 2004. 7 Because this province has universal insurance for pharmaceuticals and a centralized database for laboratory results, information about diabetes care is available for the entire population.
The best case scenario for clinical practice is based on the results of the Steno-2 trial. 8, 9 This randomized trial, performed at a diabetes centre with a team of health care providers (nurse, doctor, dietitian) and regular follow-up, reported that intensive control of risk factors reduced all-cause mortality by 46% compared with usual care. The staff and resources in this study may exceed those in many clinics, and the patient population included was at higher risk than people in the general population, however, Steno-2 is the only published large, long-term trial of a multifactorial intervention to prevent complications of diabetes. Thus, it serves as a "gold standard" for what may be achieved in clinical practice. 
Methods used to develop the guidelines
A comprehensive search of various electronic databases for relevant English-language, published, peer-reviewed studies was performed by chapter authors and independently by a librarian using validated search strategies. Full details of the search are included in the Canadian Diabetes Association guidelines. 1 Each citation referenced in a new or modified recommendation was assigned a level of evidence by use of standardized checklists. Health benefits, risks and adverse outcomes of interventions were considered in the formulation of the recommendations. Recommendations were assigned a grade from A through D based on the relative strengths of the studies from a methodologic perspective and the studies' findings (Box 1, Table 1 ). The guidelines underwent extensive external review by national and international experts in relevant fields and various stakeholder groups, including patients and health care professionals. A panel of methodologists independently reviewed each recommendation, its assigned grade and the supporting citations. Based on this review, each recommendation was reassessed and modified as necessary. Each recommendation was approved by the steering committee, with 100% consensus. Further details of the grading process have been described elsewhere. 10
Key elements of the 2008 guidelines
The 2008 updated guidelines build on the 2003 guidelines 10 by updating the recommendations. These updates are based on newly available medications and newly published evidence, including large randomized controlled trials, such as Action in Diabetes and Vascular Disease: Preterax and Diamicron MR Controlled Evaluation (ADVANCE) 11 and A Diabetes Outcome Progression Trial (ADOPT). 12 New chapters have been added on hyperglycemic emergencies, in-hospital management of diabetes, alternative medicine, screening for coronary artery disease, diabetes mellitus and heart failure, and type 2 diabetes in children and high-risk ethnic populations. The recommendations reflect evidence of the average benefit of interventions in groups participating in clinical trials. These recommendations may not always apply to a particular patient, and care should be adapted to individual circumstances as necessary. 13 
Cardiovascular risk
The degree of benefit from a medical intervention is based on the absolute risk of vascular events, with patients at higher risk deriving greater benefit. 7 The 2008 guidelines state that men aged 45 or more years with diabetes and women aged 50 or more years with diabetes should be considered to be at high risk of cardiovascular disease (grade B, level 2 evidence). This represents a 20% risk of vascular events over a 10-year period, including nonfatal myocardial infarction or cardiac death. 14 These age cutoff points are easy to ascertain and capture most patients at high risk who are most likely to benefit from intervention. Patients below these cutoff points who have 1 or more risk factors for cardiovascular disease are also considered to be at high risk (Box 2). This recommendation is more precise than that in the 2003 guideline, and it reflects a compromise between effectiveness (saving as many lives as possible) and efficiency (minimizing treatment given to people who will derive little or no benefit). Patients aged 40 or more years or with a more than 15-year history of diabetes should have baseline resting electrocardiography performed, and it should be repeated every 2 years for those at high risk (both grade D, consensus). Patients with an abnormal electrocardiography result or chest pain should be referred for stress testing, and those with ischemia at low exercise capacity (< 5 metabolic equivalents) should be referred to a cardiologist (grade D, consensus). The guidelines do not provide other explicit criteria for referral to a specialist.
Vascular protection
Certain medications have an independent effect on the risk of cardiovascular morbidity and mortality in addition to their effect on risk factors. The Heart Outcomes Prevention Evaluation (HOPE) study 15 demonstrated the benefit of angiotensinconverting-enzyme (ACE) inhibition in people with diabetes who are at high risk for cardiovascular disease. A more recent study 16 suggested that the effect of angiotensin-receptor blockers is comparable to that of ACE inhibitors in high-risk groups with diabetes. As a consequence, the updated guidelines recommend the use of ACE inhibitors or angiotensin-receptor blockers at In Saskatchewan, 56% of patients with diabetes are prescribed an ACE inhibitor or an angiotensin-receptor blocker. 7 In comparison, 97% of patients in the Steno-2 study received an ACE inhibitor or an angiotensin-receptor blockers (even though the patients in this study all had microalbuminuria). 8 The recommendation for acetylsalicylic acid (ASA) has been changed as a result of research showing it provides less benefit in terms of reduction of cardiovascular events among patients with diabetes than among those without diabetes. 17, 18 Thus, low-dose ASA therapy (81-325 mg/day) could be considered for people with stable cardiovascular disease (grade D, consensus). In primary prevention of cardiovascular disease, there is no evidence of a benefit of long-term ASA therapy among patients with diabetes; thus, its use is left to individual clinical judgment (grade D, consensus).
Blood pressure control
Strict control of blood pressure has a large impact on morbidity and mortality in patients with diabetes. [19] [20] [21] An observational study found that blood pressure control had a greater impact on quality-adjusted life-years than strict control of cholesterol or glycemia. 22 The 2008 guidelines recommend that blood pressure be measured at every patient visit (grade D, consensus) and that hypertension be diagnosed according to the national hypertension guidelines (Box 4). 23 The treatment targets remain a systolic blood pressure of less than 130 mm Hg (grade C, level 3) and a diastolic pressure of less than 80 mm Hg (grade B, level 2), irrespective of kidney function. First-line treatments include ACE inhibitors, angiotensin-receptor blockers, thiazides (grade A, level 1A for each) and dihydropyridine calcium-channel blockers (grade B, level 2). An ACE inhibitor or angiotensin-receptor blocker is recommended as initial treatment in the presence of microalbuminuria (grade A, level 1A). They are favoured because of demonstrated cardioprotective benefits (grade A, level 1A).
In clinical trials, achieving treatment targets has required more than 2 medications, 24 and up to one-third of patients will require 3 or more medications with frequent titration. 21, 24 Although no Canadian population-based data are available documenting hypertension control among patients with diabetes, a recent study 25 reported that 66% of all patients with hypertension in Ontario had controlled blood pressure • The first priority in the prevention of complications from diabetes should be reduction of overall cardiovascular risk by use of the following multifaceted approach (grade D for all people with diabetes; grade A, level 1 for people aged 40 years or more with type 2 diabetes and microalbuminuria):
• For all people with diabetes: (< 140/90 mm Hg). Only 40% of Americans with diabetes meet the blood pressure target of less than 130/80 mm Hg. 26 In the Steno-2 trial, 51% of patients had a systolic pressure of less than 130 mm Hg and 72% had a diastolic pressure less than 80 mm Hg. 8 In that study, the difference in the proportion of patients at the target level between the intervention and control group was 30% for systolic blood pressure and 9% for diastolic blood pressure, demonstrating considerable potential for improvement. 8 Antihypertensive medications are well tolerated in general. Most hypertension trials have shown that treatment-related adverse outcomes are similar in frequency and severity among patients who received the drug and those who received a placebo. 27 In fact, in the Hypertension Optimal Treatment (HOT) study, the arm aiming for a diastolic blood pressure of 80 mm Hg had better patient well-being than the less-intensive arms, and well-being also increased with lower blood pressure across all treatment groups. 28 Although the updated guidelines do not specifically comment on the usefulness of home blood pressure monitoring, the Canadian Hypertension Education Program guidelines state that home monitoring should be considered for patients with diabetes. 23 Furthermore, several studies have suggested that home blood pressure values are more predictive of mortality than blood pressure readings taken at office visits. 29, 30 Cholesterol management Cholesterol management by the use of statins reduces cardiovascular disease mortality by 19%, regardless of baseline low-density lipoprotein (LDL) cholesterol levels. 31, 32 This was the finding for the subgroup of patients with diabetes with and without cardiovascular disease in a meta-analysis of large statin trials. 31 The Canadian Diabetes Association cholesterol guidelines were released in 2006 32 and remain unchanged. All patients at high risk of cardiovascular disease should take a statin to achieve an LDL cholesterol level of less than 2.0 mmol/L as a primary target (grade A, level 1). A ratio of total cholesterol to high-density lipoprotein (HDL) cholesterol of less than 4.0 is a secondary target, which should be addressed with weight loss and increased physical activity (grade D, consensus). Ongoing clinical trials are evaluating a combination of statins and agents such as fibrates or niacin for patients whose ratio of total to HDL cholesterol is not at the target level. A recent study of the benefit of adding ezetimibe to statins for patients with familial hypercholesterolemia failed to show any benefit; thus, the role of combination therapy remains unclear. 32, 33 Statins are well tolerated and well-studied medications whose benefits largely outweigh the risks. 31 Observational studies suggest similar effectiveness of various drugs in this class. 34 The most common adverse outcome, seen in about 0.1% of patients who take statins for 1 year, is the reversible elevation of alanine or aspartate transaminase levels to more than 3 times the normal upper limit. 35 Minor muscle pain was experienced equally by patients (1 in 20) in the placebo and control groups in randomized controlled trials. 35 More severe adverse outcomes are rare: reversible myopathy (1 in 9100/year), rhabdomyolysis (1 in 29 000/year) and liver failure (1 in 200 000/year). 35 However, the rate of liver failure in patients taking statins is similar to the rate in the general population. 36 Despite the clear benefit of cholesterol control, only 45% of patients with diabetes in Saskatchewan had an LDL cholesterol level of less than 2.5 mmol/L, and only 30% were taking lipid-lowering drugs. In the Steno-2 trial, 9 85% of patients in the intensive-treatment group were taking a statin, although this was a high-risk population. Given that choles-
Box 4: Recommendations for the treatment of hypertension in people with diabetes 1
• Blood pressure should be measured to assess hypertension at every visit to a diabetes clinic (grade D, consensus)
• Hypertension should be diagnosed according to national hypertension guidelines (grade D, consensus)
• People with diabetes and hypertension should receive treatment to attain a systolic blood pressure < 130 mm Hg (grade C, level 3) and diastolic blood pressure < 80 mm Hg (grade B, level 2). These target levels are the same as blood pressure treatment thresholds (grade D, consensus)
• Lifestyle interventions to reduce blood pressure should be considered, including achieving and maintaining a healthy weight, and limiting sodium and alcohol intake (grade D, consensus). Lifestyle changes should be initiated concurrently with pharmacologic interventions to reduce blood pressure (grade D, consensus)
• For people with normal kidney function, no microalbuminuria or macroalbuminuria, and blood pressure > 130/80 mm Hg despite lifestyle interventions, any of the following medications are recommended* (particularly ACE inhibitors and angiotensin-receptor blockers):
• ACE inhibitor (grade A, level 1A)
• Angiotensin-receptor blocker (grade A, level 1A)
• Thiazide-like diuretic (grade A, level 1A)
• Dihydropyridine calcium channel blocker (grade B,
• For people with diabetes and albuminuria, an ACE inhibitor or an angiotensin-receptor blocker is recommended as initial therapy (grade A, level 1A)
• For people with diabetes, normal urinary albumin excretion, isolated systolic hypertension and no chronic kidney disease, a long-acting dihydropyridine calcium channel blocker (grade C, level 3) is an alternative initial choice rather than an ACE inhibitor (grade B, level 2), an angiotensin-receptor blocker (grade B, level 2) or a thiazide-like diuretic (grade B, level 2)
• Alpha-blockers are not recommended as first-line agents for the treatment of hypertension in people with diabetes (grade A, level 1A)
Note: ACE = angiotensin-converting enzyme. *If these drugs are contraindicated or cannot be tolerated, a cardioselective beta-blocker (grade B, level 2) or a non-dihydropyridine calcium channel blocker (grade B, level 2) can be substituted. Another 1 or more of these drugs should be added if target blood pressure levels are not achieved with standard-dose monotherapy (grade C, level 3).
terol control often requires taking only 1 tablet each a day, with modest initial dose titration and few adverse outcomes, 31 this medication is often an acceptable addition to the many drugs already taken by patients with diabetes.
Glycemic control
Elevated blood glucose is associated with microvascular and macrovascular complications. However, in randomized trials, improved glycemic control has resulted in reduced microvascular complications, such as nephropathy, but not in reduced cardiovascular events. 11, 20 The benefits of strict glycemic control are in question, as 1 arm of the Action to Control Cardiovascular Risk in Diabetes (ACCORD) trial, 37, 38 which was aimed at achieving a hemoglobin A 1c level of 6% or less, was stopped prematurely because of 22% higher mortality in the treatment group than in the less-intensive treatment group. Another recent study, the ADVANCE trial, 11 showed that an intensive (modified-release) gliclazide-based regimen achieving a median hemoglobin A 1c level of 6.5% decreased nephropathy by 21% but did not decrease cardiovascular events compared with conventional treatment (which did not use gliclazide and achieved a median hemoglobin A 1c of 7.3%). The ADVANCE trial did not confirm an increased risk of death in the intensively controlled subgroup. As a result, the updated guidelines recommend that glycemic targets be tailored to individual patients, but that a target hemoglobin A 1c level of 7.0% or less should be adopted for most patients with diabetes to reduce the risk of microvascular complications (grade A, level 1A). The guidelines sugest that a target hemoglobin A 1c level of 6.5% or less may be considered for selected patients with type 2 diabetes to further lower the risk of nephropathy (grade A, level 1A), but the potential benefit must be balanced against the risk of hypoglycemia. Caution should be exercised for patients who are at significantly elevated risk of cardiovascular disease because of the increased mortality observed in the ACCORD study. 38 Self-monitoring of blood glucose for patients with type 2 diabetes who do not take insulin was given a grade C recommendation because of the contradictory evidence about the benefit, including a recent randomized controlled trial and older meta-analysis that showed no benefit. 39, 40 A recent trial reported that in addition to having no benefit in patients not taking insulin, self-monitoring caused a small increase in patient scores on the depression subscale of a questionnaire used to gauge well-being. 41 For example, glucose test strips are the fourth most expensive "chemical" in the Ontario Drug Benefit program; 42 thus, the opportunity cost of this intervention should be considered. Achieving glycemic control based on a target of hemoglobin A1c level of 7% or lower may require multiple medications and has been achieved only inconsistently. In Saskatchewan, only 38% of patients had a hemoglobin A 1c lower than 7%. 7 In the Steno-2 trial, 8 only 16% of patients in the intervention group achieved the target of a hemoglobin A 1c level of less than 6.5%, suggesting that, even under ideal conditions, strict glycemic control is difficult to achieve. Despite the fact that this target was not achieved for 84% of patients, the intensive-therapy group in the Steno-2 study still displayed dramatic reductions in cardiovascular and all-cause mortality. 9
Exercise promotion
Large cohort studies have found that regular physical activity is associated with 39%-70% reductions in cardiovascular and all-cause mortality over 15-20 years of follow-up. [43] [44] [45] [46] The effect of simply recommending that patients exercise more (which is what most clinicians do) is less certain. 47 Structured physical activity counselling by physicians or health care providers has been effective in increasing physical activity and producing modest, sustained weight loss. [48] [49] [50] [51] The recommendation of 150 minutes of moderate to vigorous aerobic exercise spread over 3 days a week (grade B, level 2) is unchanged from the 2003 guidelines (Box 5). The guidelines also recommend resistance exercise 3 times a week in addition to aerobic exercise (grade B, level 2); resistance exercise can be helpful for people with limited mobility. Finally, a cardiac stress test should be considered for previously sedentary people at high risk of cardiovascular disease who wish to undertake exercise more vigorous than brisk walking (grade D, consensus).
What is the best way to reduce the risk of cardiovascular disease?
Given the limited time available for regular primary care visits and the range of risk-reduction strategies, it is best to explain the options to patients and to build a long-term treatment plan.
Blood pressure and cholesterol control are easiest to implement and have a seemingly greater health impact; thus, these should have priority over strict glycemic control. Using multiple medications at lower doses can optimize risk-factor control while minimizing adverse outcomes. 52 Patients who have elevated blood pressure or who do not want to take "too Box 5: Recommendations for physical activity in patients with diabetes 1 • People with diabetes should accumulate a minimum of 150 minutes of moderate to vigorous aerobic exercise each week, spread over at least 3 days, with no more than 2 consecutive days without exercise (grade B, level 2 for type 2 diabetes; grade C, level 3 for type 1 diabetes)
• People with diabetes (including elderly people) should be encouraged to perform resistance exercise 3 times a week (grade B, level 2) in addition to aerobic exercise (grade B, level 2). Initial instruction and periodic supervision by an exercise specialist are recommended (grade D, consensus)
• An exercise stress test should be considered for previously sedentary people with diabetes who are at high risk for cardiovascular disease and wish to undertake exercise more vigorous than brisk walking (grade D, consensus) many pills" can take combination therapies, which may help them attain targets quickly. 53 Self-monitoring of blood glucose for patients not taking insulin is of uncertain benefit; thus, other behaviours, such as exercise, should be promoted. Consider offering outside resources to support behaviour change, such as exercise programs for motivated patients.
Overall, quality of care can be improved through the use of electronic databases, clinical flow charts and automatic reminders (grade B, level 2). Enhancing the role of nurse educators, dietitians and pharmacists can improve coordination of care (grade B, level 2). Case management should be considered for difficult-to-manage cases (grade B, level 2).
In conclusion, because cardiovascular disease is the main cause of mortality among diabetic patients, managing cardiovascular risk should be a key treatment goal for providers and patients.
